The study of virus synthesis has been largely confined to stationary batch systems, where the growth variables are distorted by simultaneous phenomena of inactivation and interference. A dynamic continuous-growth system could mitigate this bias and support more immediate calculations of growth parameters. What is more, it would make possible a simple automation of virus production.
Since, at present, viruses are cultivated exclusively on living cells, a continuous virus fermentor requires a continuous supply of infectable cells. Suitable methods were described previously for continuous production of primary as well as heteroploid cell suspensions (Gori, 1964 (Gori, , 1965 . The infectable cells enter the virus fermentor which, for features to be described, is called a lysostat. In the lysostat, the cells are infected and, after a certain maturation time, they are lysed by the virus, which is thus released in suspension ready for harvest.
As virus growth usually occurs at temperatures where thermal inactivation is rapid, it is desirable to withdraw the virus particles from the lysostat as soon as they are released from the cells. At the same time, no infected cells should leave the lysostat until lysed.
Under these conditions, the best fermentor appears to be of the feed-back piston flow type, with an overall residence time equal to the maturation time of the particular cell-virus system (Powell and Lowe, 1964) . In practice such a fermentor is rapher difficult to build, since the maturation time of most viruses is seldom less than 5 X 104 sec. This paper will show that a percolator-type, single-stage lysostat can provide an excellent compromise for cell-lysing viruses with high thermal-inactivation rates. A conventional two-stage lysostat can be efficiently used for thermostable viruses, and for viruses which do not lyse cells.
Theoretical considerations on a percolator-type, single-stage lysostat. A diagram of the lysostat is shown in Fig. 1 . The source C (cell fermentor or automatic trypsinizer) releases a steady flow of infectable cells suspension to the lysostat, I, which is provided with a constant-level outlet and a filter, H, to prevent cells, but not the virus, from leaving the lysostat. The regulable volumetric pump, L, transfers medium from the reservoir, M, to the lysostat, thus eluting the virus suspension which is collected in the container, G.
If the volume of medium in the lysostat remains constant, medium entering the lysostat at an inflow rate F causes an equal outflow at the same rate. In perfect mixing conditions, a flow of medium through the lysostat washes out the medium and virus in the lysostat at a rate D = F/V, where F is the flow rate and V is the constant volume of medium in the lysostat. (From the volume V of medium in the lysostat, the volume of the cells in suspension should be substracted. However, this value is so small that in practice it can be neglected.)
Infected cells require a mean maturation time r, after which they are lysed and release an average number 18 of infectious virus particles per each cell. In a population of random infected cells, the statistical rate of infectious virus synthesis per cell is, therefore:
(1) 
The flow rate F1 will cause a dilution rate Di = F1/V of the virus suspension. However, the dilution rate D of the virus suspension can be increased over the value of Di by introducing into the lysostat an eluting flow of medium at a rate F2 which dilutes at an additional rate D2. Therefore, the combined virus suspension dilution rate is: D =D1 +D2 (5) Once the lysis is started, the relation of the concentration P of infectious virus particles in the lysostat is: The infectivity of most viruses is subjected to inactivation at a certain rate t. Reactivation, interference, and absorption phenomena will also occur, but, for simplicity, they will not be considered in this analysis.
The infectable cell suspension enters the lysostat at a rate F1 and, if 
The efficiency q of infectious virus production can be expressed by the relation:
where N is the stationary concentration of cells in the suspension entering the lysostat, T is the mean maturation time, and V is the volume of fluid in the lysostat. The relation 2 represents a system self-adjusting to stationary conditions where dS/dt = 0 and: F1NAT 
S where P is the concentration of infectious virus particles in the lysostat, D is the virus suspension dilution rate, t is the inactivation rate, and S is the concentration of cells in the lysostat. From equation 1 it is ,B = aOr and, therefore, the average number ,B of infectious particles released by each cell can be calculated from equations 13 and 14 as: rate caused by the cell suspension inflow, and N isthe cell concentration in the suspensionentering the lysostat.
Theoretical considerations on a two-stage lysostat. The two-stage lysostat diagram is given in Fig. 2 MATERIALS AND METHODS Cell chemostat. A 2-liter dialyzed-cell fermentor was previously described (Gori, 1965) .
Percolator-type, single-stage lysostat. The lysostat is described in Fig. 1, 3 RESULTS Thermal-inactivation rates. The inactivation rate at 37 C and pH 7.0 to 7.2 for poliovirus type 1 is 37 = 5.32 X 10-6/sec, as calculated from data recorded in Fig. 5 . 3,325 ml F, = cell suspension inflow. ml sec-' 1.66 X 10-2 ml/sec 1.66 X 10-2 ml/sec 1.66 X 10-2 ml/sec F2 = virus-eluting flow ..ml sec-' 3.33 X 10-2 ml/sec 5 X 10-2 ml/sec 1 X 10-1 ml/sec TCIDEO X 107 X ml'1; (N) = cell concentration in cell chemostat, cells X 10-3 X mlh'; 0 (S) = nonlysed cell concentration in the lysostat, cells X 103 X ml'-. Lysostat volume, V = 2,015 4 50 ml. For additional data, see Table 1 , column B. (S) = nonlysed cell concentration in the lysostat, cells X 103 X ml-'. Lysostat volume, V = 3,325 4 50 ml. For additional data, see Table 1 , column C.
The thermal-inactivation rate for adenovirus type 14 is approximately l37 = 3 X 10-7/sec, as calculated from data published by Rafajko and Young (1964) .
Continuous culture of poliovirus type 1. The operational parameters of the chemostat of Hela S-3-1 (Saltzman) cells are recorded in Table 1 . According to Howes and Melnick (1957) and Ackermann, Loh, and Payne (1959) , the maturation time for poliovirus is approximately T = 8.104 sec.
The maximal concentration of cells in the lysostat was tentatively set at 5 X 105 cells per milliliter, and, on the basis of equation 4, the minimal volume in the lysostat was calculated as V = 2 x 103 ml.
The percolator-type, single-stage lysostat, described above, was used for the continuous cultivation of poliovirus type 1.
To test the validity of theoretical considerations, experiments were performed with lysostats of different volumes; the results are recorded in Table 1 and Fig. 6 maturation time values shorter than the real ones and, therefore, for biased calculations of the values of ,B and a. For the cell-virus system here described, it appears that cell concentrations in the order of 5 X 105 cells per milliliter are the maximum desirable in the lysostat. It may be possible to operate efficiently a lysostat at a cell concentration above this maximal value, provided that the lysostat is dialyzed. Perfusion is, of course, already achieved through the viruseluting flow, but, apparently, either this is not capable of maintaining optimal cell viability at the flow rates employed, or some other causes of cell death intervene. It is also clear that if perfusion is to be effected with higher flow rates, then the virus titer will be decreased accordingly.
Two-stage lysostat. The usefulness of the twostage lysostat is limited to the growth of viruses of very low heat sensitivity. The choice of the virus used in the experiments reported was perhaps unfortunate. Indeed, adenovirus type 14 appears to be rather thermostable, but the Trypan blue permeability of the infected cells has not a precise relation to the maturation of this intracellular inclusion-producing virus, and therefore it is difficult to calculate correct values of growth parameters. For instance, the calculation of the mean maturation time is based on the value of the nonlysed (Trypan blue-impermeable)-cell concentration in the lysostat, and, therefore, it is dependent on either the death of cells due to medium toxicity or on counts of unstained cells which should otherwise be considered as mature. Moreover, the real TCID50 concentration is biased by a partition of free and cell-bound infectious virus particles, which does not follow a regular pattern, as indicated in Fig. 10 . However unsuitable for calculation of growth parameters, the method appears satisfactory for continuous cultivation of this virus.
General conclusions. Experimental evidence indicates that the continuous production of viruses can be accomplished by relatively simple procedures. The optimal dimensions of the lysostat and the infectivity yield can be easily predetermined. Admittedly, the results here reported apply to small-sized operations and may face formidable problems in scaling up. The problem appears relatively simple for thermostable viruses. However, thermolabile viruses require the following special considerations if their infectivity is to be preserved and if maximal virus yield per cell is expected. (i) They should be removed from the lysostat as soon as the infectious units mature and, in any event, at a rate faster than the inactivation rate. (ii) Cells must stay in the lysostat until lysed, and most viruses require more than 5 X 104 sec for maturation in the infected cells. For this length of time, the cells cannot be kept physiologically normal above a certain critical concentration. If this critical concentration is exceeded, then toxic conditions for 
